Research suggests one determinant of alcohol consumption may be physical pain, but there is no empirical evidence that pain has a causal effect on drinking. Therefore, the primary aim of this study was to test experimental pain as a determinant of several alcohol consumption proxies: self-reported urge to drink, intention to consume alcohol, and alcohol demand. This study also was designed to test negative affect as a mediator of the effects of pain on alcohol use proxies. We hypothesized that participants randomized to experimental pain induction (vs. no pain) would report greater urge, intention, and alcohol demand, and that these effects would be mediated by increased negative affect. Participants were healthy undergraduates who were moderate-heavy drinkers (N ϭ 61). Experimental pain was induced using a novel capsaicin-heat model intended to approximate key features of clinical pain. Results indicated that participants in the pain condition subsequently endorsed greater urge and intention to drink. Furthermore, these effects were mediated by pain-induced negative affect. We observed no effect of pain on alcohol demand. This is the first study to demonstrate a causal effect of acute pain on urge and intention to drink. Given the close association between alcohol consumption, urge and intention to drink, these findings suggest that pain may influence alcohol consumption, which can have implications for individuals with co-occurring pain and alcohol use disorder (AUD). Specifically, individuals with co-occurring pain and AUD may drink to alleviate pain-related negative affect. Therefore, improving pain-coping skills may enhance pain-management abilities, subsequently reducing coping-motivated drinking.
neural substrates with the experience of aversive psychological states (Ploghaus et al., 1999) , and there is evidence of a moderate to large correlation between negative affect and physical pain (Logan, Gedney, Sheffield, Xiang, & Starrenburg, 2003; RuizAranda, Salguero, & Fernández-Berrocal, 2011 ).
Large population-based and clinical studies support an association between pain and alcohol use. For example, findings from one study indicated that individuals who endorsed chronic back/ neck pain (vs. no chronic pain) were 1.6 times more likely to also have met DSM-IV criteria for alcohol abuse/dependence (American Psychiatric Association, 1994; Demyttenaere et al., 2007) . There is also evidence of positive associations between pain severity and increased risk for alcohol use and AUD (Edlund, Sullivan, Han, & Booth, 2013; Lawton & Simpson, 2009 ). Furthermore, pain has been associated with alcohol use among adolescents, young adults, and older adults along a continuum of pain severity levels and durations (i.e., brief instances of pain to severe chronic pain conditions; Bastardo, 2011; Edlund et al., 2013; Heaps, Davis, Smith, & Straker, 2011; Tsui et al., 2014) . Last, several prospective studies have suggested that physical pain is a significant predictor of alcohol use (i.e., both heavy alcohol use and any alcohol use) and relapse to drinking after a period of abstinence, even after controlling for variables known to be associated with alcohol use (Caldeiro et al., 2008; Larson et al., 2007; .
Conceptualization of the Physical Pain-Alcohol
Use Relation Zale, Maisto, and Ditre (2015) proposed a reciprocal model of pain and alcohol, in which the experience of pain may serve as a situational motivator of alcohol consumption, partly as a function of pain-induced negative affect (i.e., negative affect may mediate the effects of situational pain on alcohol use). Consistent with conceptualizations of pain as a determinant of alcohol consumption, alcohol has been shown to produce acute pain-inhibitory effects (Thompson, Oram, Correll, Tsermentseli, & Stubbs, 2017) that aligns with both negative reinforcement and self-medication models of substance use (Baker et al., 2004; Khantzian, 1985) . Indeed, drinkers have reported consuming alcohol to self-medicate physical pain (Aira, Hartikainen, & Sulkava, 2008; Brennan, Schutte, & Moos, 2005; Goebel et al., 2011; Riley & King, 2009) , and there is prospective evidence that negative affect may mediate relations between self-reported pain and alcohol consumption . Specifically, in one study, negative affect as measured by the Depression and Anxiety subscales of the Brief Symptom Inventory was examined as a mediator of the relation between self-reported pain and alcohol use. In this study, pain scores predicted drinking outcomes, and the relation was significantly mediated by negative affect.
Current support for the effects of pain on alcohol consumption, as summarized earlier, is derived from either observational correlational studies (e.g., Edlund et al., 2013) or prospective work (e.g., Caldeiro et al., 2008) , which do not allow causal inferences. Therefore, experimental studies examining the proximal effects of pain on alcohol use are warranted. Furthermore, although Zale et al. (2015) proposed a causal mechanism linking pain, negative affect, and motivation to consume alcohol, human experimental studies have not tested pain-related negative affect as a mediator of the relation between pain and alcohol use. Thus, the purpose of this study was to test the effects of experimentally induced pain on proximal antecedents of alcohol consumption, as proxies for ad lib alcohol consumption, and to investigate pain-induced negative affect as a mechanism of action. It was hypothesized that participants randomized to experimental pain induction (vs. no pain induction) would show greater increases in alcohol urge, intention to use alcohol, and alcohol demand. It also was hypothesized that increased negative affect as a result of experimentally induced pain would mediate the effects of pain on alcohol urge, intention to use alcohol, and alcohol demand.
Method Participants
Participants were recruited from a larger pool of university undergraduate students and completed prescreening for the following study inclusion criteria: between the ages of 18 and 35 (which is defined as young adulthood, Schultz & Schultz, 2016) ; English speaking; and moderate to heavy drinker (as defined by scoring 5ϩ and 7ϩ for females and males, respectively, on the Alcohol Use Disorders Identification Test-Consumption; AUDIT-C; Bush, Kivlahan, McDonell, Fihn, & Bradley, 1998) . These cut-offs are consistent with research studying a similar population (C. E. Campbell, 2015; DeMartini & Carey, 2012) . Those who drank less frequently (i.e., abstainers, light, and infrequent drinkers) were excluded from the study to create a more homogeneous sample and to reduce the potential for floor effects of the outcome variables that are expected with less frequent alcohol users. Exclusion criteria were as follows: currently using pain medication (as per self-report); currently experiencing physical pain; and chili pepper allergies (because of contraindication with the capsaicin pain induction procedure). Individuals who signed up for the study were invited to participate in a one-session laboratory study (occurring after 12 p.m.), and asked to refrain from alcohol and other drug use for 24 hours prior to the appointment. Upon arrival to the laboratory, informed consent was obtained, and prescreening inclusion/ exclusion criteria were confirmed.
A total of 77 undergraduate students attended an experimental study session, and 66 were randomized. Reasons that individuals were not randomized included equipment malfunction (n ϭ 3), ineligibility based on the AUDIT-C (n ϭ 7), and withdrawing prior to randomization due to other commitments (n ϭ 1). Of the 66 individuals who were randomized, 61 were included in the analyses (n ϭ 4 failed manipulation check, n ϭ 1 withdrew because of pain discomfort).
Research Design
This study followed a two-group, between-subjects single-blind repeated measures experimental design. Participants were randomly assigned to either pain-or no-pain induction conditions using block randomization based on gender and the order that each individual entered the study. Current pain, state negative affect, urge to drink, intention to use alcohol, and alcohol demand were evaluated both at baseline and following the experimental manipulation. This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Experimental Pain Model
A novel capsaicin-heat model was used to safely deliver a prolonged stimulus (15 min) to evoke a moderate level of pain that would be more analogous to clinical pain (Carr et al., 2014; Wang et al., 2016) . A clinically significant level of pain has been defined as a pain intensity rating of greater than or equal to 4 out of 10 (Belfer et al., 2017; Ferreira-Valente, Pais-Ribeiro, & Jensen, 2011; Lalonde et al., 2014) . There is also evidence that a moderate or suprathreshold level of pain provides a closer approximation of clinical pain compared to other indices of experimental pain reactivity (e.g., threshold, tolerance) as measured by the association between pain ratings and clinical pain response (Valencia, Fillingim, & George, 2011) .
Contact-heat pain. Contact-heat pain was induced using the Conditioned Pain Modulation (CPM) system (Q-Sense-CPM, Medoc Ltd., Ramat Yishai, Israel). The computerized Medoc Q-Sense-CPM system has two thermodes with an active area of 30 ϫ 30 mm and a temperature range from 20°C to a safety limit of 50°C. Heat is produced using a heating foil and a Peltier element; the perception of heat pain in humans is thought to be mediated by activity in A␦ and C fibers (for reviews, see Reddy, Naidu, Rani, & Rao, 2012; Schepers & Ringkamp, 2009 ). Research has found contact-heat pain to produce ratings of moderate pain (Dirks, Petersen, & Dahl, 2003; Jensen & Petersen, 2006) . That contact-heat pain can be evoked via a computer-controlled thermode exhibiting high levels of heat enables a standardized administration across participants. The heat limit during the testof-limits protocol (described in the measures section) was set to the Medoc Q-Sense-CPM system safety limit of 50°C. Based on thorough examination of the literature, a temperature of 44°C was set as the maximum allowable heat during the 15-min experimental pain induction to safeguard against tissue damage that can occur at high temperatures over a longer duration (Kilminster, 1974) .
Capsaicin. Capsaicin is a derivative of chili peppers that is available commercially and can be mixed in a base compound of ethyl alcohol to form a solution. Various concentrations of capsaicin (e.g., .01%-10%) have been used in previous human research studies (e.g., Anderson, Sheth, Bencherif, Frost, & Campbell, 2002; Dirks et al., 2003) . In the present study, pilot testing showed that 8% capsaicin (compounded with ethyl alcohol for topical application) in combination with an individualized level of moderate heat (described in measures section) was sufficient to meet the stated goal (i.e., safely incur prolonged clinically significant pain). When applied topically, capsaicin stimulates transient receptor potential vanilloid (TRPV1) receptors on A␦ and C fiber nociceptors and causes a painful burning sensation similar to that experienced in clinical pain conditions, such as neuropathy (Lotsch et al., 2015) . Capsaicin also sensitizes the skin to heat, and therefore a lower level of thermal heat can be administered and perceived as more painful over a longer period without incurring harm (Schmelz, 2009 ). The capsaicin-heat combination also creates a longer-lasting stimulus than contact-heat alone (Mohr et al., 2008) . Capsaicin has been applied safely, both alone, and in combination with contact-heat in several previous studies (e.g., C. M. Campbell et al., 2009; Madsen, Johnsen, Fuglsang-Frederiksen, Jensen, & Finnerup, 2012; Magerl, Fuchs, Meyer, & Treede, 2001 ).
Procedure
The Syracuse University Institutional Review Board approved all study procedures. After the consenting and screening procedures, participants completed demographic characteristic questionnaires, baseline measures of negative affect and the dependent variables (i.e., alcohol purchase task [APT] , intent to use alcohol, urge to drink). Second, participants provided pain ratings (threshold, tolerance, P80) and then were randomized to either the pain or no-pain induction condition as per the randomization scheme. Participants were in a seated position and instructed to refrain from moving during the experimental procedures. Approximately 5 min after the test-of-limits procedure, either the 8% capsaicin (pain condition) or water (control condition) solution was applied to the participant's nondominant vulvar forearm using a circular 2.5 cm 2 spot bandage. Fourth, an individualized safe level of heat (P80) or room temperature (32°C), for the pain and control condition, respectively, was applied directly on top of the bandage via the computer-controlled thermode. Participants in the pain condition whose P80 exceeded the upper heat safety limit for a 15-min exposure period (n ϭ 18) received the maximum allowable level of heat during the experimental pain induction at 44°C.
Participants were instructed to close their eyes and focus on the sensations until they heard a tone sound on the computer. After 5 min of the experimental pain/no-pain induction, the tone sounded and participants began completing, in order, the outcome measures of pain intensity, negative affect, urge to drink, intent to use alcohol and alcohol demand. Results of pilot testing indicated that at 5-min peak pain intensity was achieved. Once the participant completed the postmanipulation measures, but not before 15 min elapsed, the temperature of the thermode decreased to room temperature, and a research assistant removed the thermode and the capsaicin bandage. Finally, participants were debriefed and awarded course credit for their participation.
Measures
Screening. A screening questionnaire was administered to assess current acute or chronic pain conditions, current use of pain medications (in the last week), and allergies to peppers, whose consumption is contraindicated for capsaicin application. Participants were also asked their age and to self-report whether they spoke and read English well. The AUDIT-C (Bush et al., 1998) was used to identify moderate-to-heavy drinkers for inclusion in this study. The AUDIT-C measures patterns of alcohol consumption over the last year. Specifically, the AUDIT-C consists of three items on a 5-point scale (range: 0 -4) that assess last-year drinking frequency, typical quantity, and frequency of heavy drinking, respectively. To help participants in providing accurate reports of the number of standard drinks consumed, they were provided with a definition and figure of a "standard drink" (i.e., a 12-oz. beer, 5-oz. glass of wine, or 1.5-oz. of hard liquor/distilled spirits; National Institute on Alcohol Abuse and Alcoholism [NIAAA], 2005) .
Alcohol use. In addition to the AUDIT-C, the NIAAA's (2003) recommended set of three alcohol consumption questions was included to gather more nuanced information regarding participants' drinking patterns. This measure assesses frequency and quantity of alcohol consumption during the last year. Participants reported the frequency of any alcohol use and binge drinking (5ϩ/4ϩ for males/females within a 2-hr period) via categorical responses ranging from "every day" to "1-2 times in the last year." Categorical ranges of drinking quantities were also provided for drinks per drinking day (e.g., 7 to 8). Consistent with previous work which has provided reliable estimates (Gallagher, Hudepohl, & Parrott, 2010; Leeman, Corbin, Fucito, Urwin, & O'Malley, 2013) , frequencies were converted to weekly estimates (e.g., every day ϭ 7), and an average was taken of each range of alcohol consumption quantities (e.g., 7 to 8 drinks ϭ 7.5).
Pain ratings. The intensity of the heat-capsaicin model was calibrated to each participant to reduce individual differences related to pain sensitivity. Each person underwent a test-of-limits protocol, in which they were asked to indicate (via computerized remote) when ascending heat reached a pain intensity of 8/10 (i.e., Pain-80/P80 rating) in three separate trials. During these trials, the heat stimuli began at 32°C (baseline) and increased at a rate of 1°C per s. After a P80 rating was reached, the temperature was automatically recorded and then returned to baseline at a rate of 2°C per s. Individualized pain ratings were determined by averaging the temperatures recorded during the three trials. The individualized pain rating was then used to determine the level of heat to be administered during the pain procedure. Of note, however, the level of pain experienced throughout the pain induction was not assumed to be 8/10 (as reported for P80) and therefore was not used as a substitute for collecting pain intensity ratings during the experimental pain induction. Similar individualized methods have been shown to be less susceptible to floor and ceiling effects than nonindividualized methods (e.g., using a fixed temperature; Granot, Granovsky, Sprecher, Nir, & Yarnitsky, 2006) . Pain intensity. Pain intensity was assessed using the Numerical Rating Scale (NRS). The NRS is an 11-point scale from 0 (anchored at no pain) located at the far left to 10 (anchored at pain as bad as you can imagine) located at the far right. Participants were asked to click the number on the computer screen that reflects their level of pain intensity (0 -10 as described previously) at that moment. The NRS has shown strong reliability and internal consistency in previous research (Price, Bush, Long, & Harkins, 1994) .
Dependent Variables
Researchers have included proximal predictors of alcohol consumption, such as craving and demand, as outcome measures in clinical trials, and craving has been the target of many treatment interventions Oslin, Leong, Lynch, & et al., 2015) . Although alcohol use is not always preceded by increased urge, intent, or demand (Kavanagh et al., 2013; Shiffman, 1987) , these variables often are also highly correlated with alcohol use (Flannery, Poole, Gallop, & Volpicelli, 2003; Heinz et al., 2016; Ooteman, Koeter, Vserheul, Schippers, & van den Brink, 2006) . Further, a benefit of examining proximal predictors of alcohol consumption over ad lib alcohol consumption is the ability to explore important alcohol-related relationships independent of factors that may constrain alcohol use, such as cost, availability, and legality. Therefore, urge, intent, and demand were selected as proxies of alcohol consumption.
Urge to drink. A one-item question on a 10-point Likert scale asked participants to indicate the strength of their urge to drink at that moment. Participants indicated their urge from 1 (absolutely no urge) to 10 (very strong urge). Similar single-item measures have demonstrated both reliability and validity in assessing an individual's urge to drink alcohol (Monti et al., 1993; Rohsenow & Monti, 1999) .
Intent to use alcohol. The intent to use alcohol dimension of the Alcohol Craving Questionnaire (ACQ-NOW; Singleton, Henningfield, & Tiffany, 1995) measured current endorsement of planning or behavioral actions to consume alcohol, regardless of availability. Each item was rated on a 7-point scale from strongly disagree to strongly agree. Specified items were first reverse scored, then the raw scores for each factor were summed. Subscales of this measure have demonstrated high internal consistency (Connolly, Coffey, Baschnagel, Drobes, & Saladin, 2009 ). In the current sample, the intent to use alcohol scale demonstrated good internal consistency (␣ ϭ .87).
Alcohol demand. Alcohol demand was defined as the relative reinforcing efficacy of alcohol ). The APT was used to measure the demand or reinforcing value of alcohol. This task is an assessment of self-reported hypothetical alcohol consumption and financial expenditure across a range of prices. Like previous research, 24 beverage prices ranging from $0 -$15 were randomly presented Murphy, MacKillop, Skidmore, & Pederson, 2009 ). The APT yields five indices: Intensity (i.e., level of consumption when drinks are free), Breakpoint (i.e., price at which consumption is completely suppressed), O max (i.e., maximum alcohol expenditure value), P max (i.e., the price at which demand becomes elastic), and Elasticity (i.e., ␣; the aggregated slope of the demand curve). Larger values reflect a greater sensitivity to increasing drink prices. The APT demonstrates good reliability and validity (MacKillop et al., 2010; Murphy et al., 2009 ) and corresponds with decisions made with actual money and alcohol (M. T. .
Mediating Variables
Negative affect. State negative affect was measured using the 10 items from the negative affect scale of the Positive and Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988) . The PANAS consists of two dimensions of emotional experience labeled positive affect (i.e., interested, alert, strong) and negative affect (i.e., distressed, upset, irritable). Participants were asked to what extent they felt a certain way "right now (i.e., at the present moment)." Items were rated on a 5-point scale from 1 (very slightly or not at all) to 5 (extremely). Scores on the scale were summed, resulting in a total score for the negative affect scale. The PANAS negative affect scale demonstrated good internal consistency in the current sample (␣ ϭ .84 -.86). Also, in previous research the PANAS demonstrated acceptable test-retest reliability in a college-aged sample (Watson et al., 1988 ). This document is copyrighted by the American Psychological Association or one of its allied publishers.
Overview of the Data Analyses
All analyses were conducted using the Statistical Package for Social Sciences (SPSS) versions 22 and 23 (IBM Corp., 2013; , GraphPad Prism 7.01 (GraphPad Inc., San Diego, CA), and the calculator provided by the Institute for Behavioral Resources (to estimate elasticity; www.ibrinc.org/centers/bec/BEC_demand .html). The criterion for statistical significance was an alpha level of 0.05.
Preliminary analyses. Prior to analyses, the skewness and kurtosis of variable distributions were examined for normality. Variables were also examined for the presence of univariate outliers. Consistent with recommendations of Tabachnick and Fidell (2006) , log10 transformations were performed as appropriate for variables that were significantly non-normal as defined by a z score for skewness or kurtosis in excess of 3.29. Following transformations, a total of three outliers, values Ն3.29 standard deviations above the mean, were found in the measure of elasticity and were increased to one unit greater than the highest nonoutlier value (Tabachnick & Fidell, 2006) .
Descriptive statistics for all variables and Cronbach's alpha coefficients for relevant measures were computed. In addition, t test and chi-square analyses were conducted to test for differences in participant characteristic by condition to determine if randomization was successful of if there was a need to control for demographic variables in later analyses. To determine whether the experimental pain induction procedures were effective, we compared participants in the pain condition and the no-pain condition on reported level of pain intensity, controlling for baseline levels of pain, using a hierarchical regression analysis.
APT demand indices. To permit the use of logarithmic transformations in the calculation of elasticity, zero values were replaced with arbitrarily low nonzero values (i.e., $0.001) as has been done in other studies (Jacobs & Bickel, 1999; MacKillop et al., 2010) . APT data were also examined for evidence of low effort (e.g., inconsistent responding across prices; Ͼ3 contradictions at any given price level (M. Gray & MacKillop, 2014) . Seven participants showed evidence of low effort on the APT and were excluded from subsequent APT analyses (total APT: n ϭ 54). Of the five demand indices, O max and Intensity are most consistently correlated with alcohol use Bertholet, Murphy, Daeppen, Gmel, & Gaume, 2015; Kiselica, Webber, & Bornovalova, 2016) . Therefore, to reduce the potential for Type I error, and to examine variables most closely related to alcohol use, O max and Intensity were the demand indices analyzed as dependent variables.
Primary Analyses
Primary Aim 1 analyses. Hierarchical multiple regression analyses were conducted to examine the effects of pain on the proxies of alcohol use (i.e., urge to drink, intent to use alcohol, and demand). Separate regression models were tested for each of the outcome measures. Typical pattern of last-year alcohol consumption (binge drinking days per week) and the baseline level of the respective proxy of alcohol were entered first in the model as covariates. Binge drinking days per week was included as a covariate in the models because it is well established that patterns of alcohol consumption are theoretically and empirically related to proxies of alcohol consumption (Drummond, 2001; Ooteman et al., 2006) . Indeed, last-year binge drinking patterns was highly correlated with intent to use alcohol and urge to drink (r ϭ .28, .38, ps Ͻ .05); Table 1 . Moreover, controlling for typical patterns of alcohol consumption removes variance that is attributed to individual baseline differences and results in a purer test of the hypothesized effects of pain on urge to drink and intention to use alcohol. Binge drinking days per week was selected to represent the pattern of alcohol consumption, because it was most highly correlated with the outcome measures. The next variable entered into the model was the experimental pain induction condition (dummy coded as either no-pain [0] 
or pain [1]).
Primary Aim 2 analyses. Negative affect as a mediator (M) of the relation between pain (X) and proxies of alcohol use (Y) was examined by performing mediation analyses using the PROCESS macro in SPSS (Hayes, 2013; Preacher & Hayes, 2008) . The PROCESS macro estimates path a (effect of X on Y), path b (effect of M on Y controlling for X), path c (indirect effect of X on This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Y through M), and path c= (direct effect of X on Y). The conceptual path model tested in this study is shown in Figure 1 . Condition was specified as the independent variable, state negative affect (postexperimental induction) as the mediator, and, in separate models, each proxy of alcohol use as the dependent variable. Pattern of alcohol use and the baseline levels of the respective proxy of alcohol use and state negative affect were entered as covariates. The statistical significance of indirect effects was assessed using 10,000 resamples and bias-corrected confidence interval (CI). The mediating and indirect effect were considered to be significant if zero is not within the 95% CI.
Results

Attrition Analyses
As noted earlier, of the 70 individuals who were eligible, 61 completed the experimental study and were retained in the analyses. Individuals who were eligible but who were not randomized or retained in the analyses did not differ from those who were eligible and included in the analyses with respect to demographic factors (ps Ͼ .05).
Manipulation Check
The experimental manipulation did not lead to the intended effect in three participants. One participant who was in the control condition reported pain (6 on a 0 to 10 scale) and two participants in the pain condition reported pain intensity below the clinical pain threshold of greater than 4 on a 0 to 10 scale (1 on a 0 to 10 scale and 2 on a 0 to 10 scale). Therefore, to enhance interpretability of findings related to the effects of physical pain, these three participants were excluded from the primary analyses. The remaining 61 individuals randomized to the pain and no-pain conditions were compared on their reported level of pain intensity after the experimental manipulation while controlling for their baseline levels of pain. Results indicated that individuals in the pain (vs. control) condition reported significantly greater pain intensity (b ϭ 6.35, p Ͻ .001) and the experimental pain manipulation was highly effective in producing clinical levels of pain (M pain intensity ϭ 7.04, SD ϭ 1.45 vs. M pain intensity ϭ 0.70, SD ϭ 0.77).
Descriptive Results
Participants were predominantly White, moderate to heavy drinkers (N ϭ 61; M age ϭ 18.7; 49.2% female). On average, participants reported having 2.61 (1.21) drinking days per week and consuming 7.44 (3.33) drinks per drinking day. Of the drinking days, participants reported binge drinking (5ϩ/4 ϩ for males/ females within a 2-hr period) on 1.77 (1.30) days per week. Participant characteristics are shown in Table 2 ; no significant differences were found in any of the baseline variables between participants in the pain and control experimental conditions. Descriptive results are summarized in Table 3 . Bivariate correlation coefficients for key study variables are shown in Table 1 . Binge drinking days per week was positively correlated with urge to drink and intent to consume alcohol (p Ͻ .05). Income was not correlated with any of the APT indices, and therefore was not included as a covariate in subsequent APT analyses (p Ͼ .05).
Primary Study Results
It was hypothesized that pain condition would predict increases in proxies of alcohol consumption. Consistent with hypotheses, results of the hierarchical linear regression revealed that a significant proportion of the total variation in alcohol urge and intent to use alcohol (postexperimental manipulation) was predicted by experimental condition, after controlling for baseline levels of alcohol use (binge drinking days per week) and urge and intent to use alcohol, respectively (b ϭ 0.16, p Ͻ .05; b ϭ 0.12, p Ͻ .05). This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
After the experimental manipulation, individuals in the pain group reported on average 1.44 units greater urge to drink and 1.32 units greater intent to consume alcohol, as compared to individuals in the control group (calculated by taking the antilog10 of b ϭ .16 and .12, respectively; note that condition is dummy coded to assist with interpretation: no-pain [0] or pain [1]). Multiple R 2 revealed that approximately 36% and 14% of the variation in urge and intent to use alcohol, respectively, was predicted by experimental condition. Contrary to hypotheses, experimental condition did not predict variation in alcohol demand, either by O max or Intensity (bs ϭ 0.05, 0.56, ps ϭ .33, .44; see Table 3 and Figure 2) .
The second hypothesis was that state negative affect (postexperimental manipulation) would mediate the effect of condition on increases in proxies of alcohol use. Also, consistent with hypotheses, results indicated that experimental condition significantly predicted state negative affect (path a 1 : b ϭ .13, p Ͻ .001; path a 2 : b ϭ .12, p Ͻ .001) and urge to drink and intent to use alcohol (path c 1 : b ϭ .16, p ϭ .016; path c 2 : b ϭ .12, p ϭ .011). State negative .2) Junior 4 (6.6) 1 (3.6) 3 (9.1) Senior 1 (1.6) 1 (3.6) 0 (0) Household income .853 Less than $10,000 2 (3.3) 1 (3.6) 1 (3.0) $10,000 to $25,000 1 (1.6) 1 (3.6) 0 (0) $25,000 to $50,000 6 (9.8) 2 (7.1) 4 (12.1) $50,000 to $75,000 7 (11.5) 4 (14.3) 3 (9.1) $75,000 to $100,000 9 (14. Note. Statistics were computed using untransformed data. Sample included individuals who completed pre-and posttest measures and who reported pain ratings consistent with experimental condition (i.e., 3 participants were removed; 1 participant in the control condition reported pain [6/10] and 2 participants in the pain condition reported no pain [1-2/10]). AUDIT-C ϭ Alcohol Use Disorder Identification Test-Consumption; P-80 ϭ individualized pain rating in which participant reported 80/100 pain intensity. a Chi-square (categorical) or t test (continuous) inferential difference test between pain and control group. b One participant's data was not included in this analysis, due to improbability (i.e., 1 participant reported a monthly discretionary income of $100,000). 
Pain levels (intensity) .14 (. 
Discussion
This is the first study to examine the influence of acute pain on proximal determinants of alcohol consumption. Results confirmed that participants who underwent experimental pain induction (vs. no pain induction) subsequently reported greater urge to drink and greater intention to consume alcohol. These effects were further shown to be mediated by pain-induced negative affect. Although significant correlations in the hypothesized direction were observed between alcohol demand and both urge to drink and intention to use alcohol, the effects of experimental pain induction on alcohol demand did not reach statistical significance.
Regarding the null finding for alcohol demand, the APT may have had limited sensitivity due to the population, setting, and interpretation of instructions. Specifically, the concept of alcohol demand may not be well-developed in young adult undergraduate students (Gallet, 2007) . Younger (vs. older) individuals are likely less experienced with alcohol and therefore have had less time to develop demand for alcohol. Imagining a hypothetical situation, especially when in pain, also may have tended to be difficult for this study's participants and have resulted in inaccurate hypothetical estimations. Indeed, pain has been shown to interrupt cognitive functioning (Eccleston & Crombez, 1999) , and participants in the pain condition reported being moderately distracted by the sensations (M ϭ 5.35, SD ϭ 2.76 on a 0 to 10 scale). Additionally, participants may have interpreted the APT instructions literally and restricted the alcohol they were willing to consume due to the implications of drinking within an academic setting. Further, anticipated drinking consequences may have been particularly salient because many participants were under the legal drinking age (M ϭ 18.70, SD ϭ 0.82). Future studies may consider revising the instructions to explicitly indicate that the study setting would not impose additional consequences.
The current study builds on previous work (e.g., Brennan et al., 2005; to provide causal evidence that acute pain may be a critical determinant of urge to drink and intention to use alcohol, which are known to be highly correlated with alcohol consumption (Heinz et al., 2016; Ooteman et al., 2006) . These findings are consistent with a conceptual model of pain and alcohol use (Zale et al., 2015) as well as the negative reinforcement and self-medication models of substance use (e.g., Khantzian, 1985) . The data are also consistent with previous research showing that experimentally induced pain can influence smoking urge and behavior (Ditre & Brandon, 2008) . In the present study, negative affect accounted for 62% and 50% of the variance in increased urge to drink intention to use alcohol, respectively. Thus, a portion of variance remains unexplained, and future research may benefit from exploring additional factors that may account for this variance (e.g., lack of alternative coping strategies, positive reinforcement; Zale et al., 2015) .
Although this study is only a first indication of the causal effects of acute pain on proxies of alcohol use, together with previous research, these findings suggest that pain and pain-induced negative affect may be of critical importance in determining alcohol use and treating AUD. This importance is further supported by research showing that individuals who reported pain have an altered SUD presentation with more severe medical and psychiatric problems, which are undoubtedly costlier (Trafton, Oliva, Horst, Minkel, & Humphreys, 2004) . Accordingly, some recent work has forged ahead and integrates the treatment of co-occurring pain and alcohol use using a combination of cognitive-behavioral therapy and acceptance and commitment therapy, with promising results (Ilgen et al., 2016) .
Limitations
Several limitations of this study should be considered when interpreting its findings. First, although experimental pain models attempt to approximate characteristics of clinical pain, experimental pain is not equivalent to clinical pain (Edens & Gil, 1995; Rainville, Feine, Bushnell, & Duncan, 1992) . Accordingly, there is a substantial difference between the transient negative affect induced by experimental pain models, relative to negative affect resulting from persistently painful conditions. For instance, nonexperimental pain has been shown to increase anxiety and compromise quality of life and mobility which have implications for employment, social relationships, and self-identity (Institute of Medicine, 2011). However, experimental pain induction methods have been used as an analog for clinical pain and have been applied to advance the understanding of other pain relationships, such as the effects of pain on smoking (Ditre & Brandon, 2008; Ditre, Heckman, Butts, & Brandon, 2010; Parkerson & Asmundson, 2016 ) and the effects of pain on decision-making (Koppel et al., 2017) .
Second, these results are based on data collected from healthy undergraduate students who were moderate to heavy drinkers. Recruiting a homogeneous sample of healthy participants allows This document is copyrighted by the American Psychological Association or one of its allied publishers.
for a degree of experimental control that is not necessarily available when working with individuals experiencing clinical pain whose pain may vary in duration, severity, and locale. Accordingly, it is important for future studies to determine if the present findings extend to more diverse populations, such as same-aged, noncollege students living in the community, older adults, lowlevel drinkers, and individuals with co-occurring pain conditions. Third, although participants were asked to report on their use of pain medications, which may have altered their response to the pain model, pain medications were not operationally defined for the respondent. Participants were also not excluded on the basis of current use of non-pain-related medication for which alcohol intake is contraindicated (benzodiazepines, antihistamines, etc.). Although participants reported drinking alcohol on average more than twice per week and consuming greater than 8 drinks per drinking day, it is possible that current use of contraindicated medication may have restricted their urge, intention to use alcohol, and alcohol demand.
Last, the current study used a between-subjects study design. Thus, although participants were randomized to each condition and several participant characteristics were examined for potential covariates, it is possible that some other between-groups factor could have influenced the results. Future research should consider using a within-subject design to address this limitation and strengthen the interpretation of study results.
Directions for Future Research
Future research may benefit from extending the current findings to both clinical pain and alcohol consumption directly. Actual alcohol use can be examined within the laboratory using an alcohol self-administration procedure such as an ad libitum taste test in which the guise of rating beverages on taste is used to measure the amount of available alcohol consumed (Marlatt, Demming, & Reid, 1973) . Also, relations between in vivo alcohol consumption and in vivo clinical pain can be examined using ecological momentary assessment (EMA) methods (e.g., smart phone surveys). EMA methods offer the benefits of having high external validity and providing detailed information that is critical to understanding dynamic associations (Shiffman & Stone, 1998) . As such, EMA may be particularly relevant in the study of pain and alcohol use, because the relation is theorized to be bidirectional (Zale et al., 2015) and may vary by context.
The cumulative empirical evidence on this topic highlights the need for future research investigating whether acute pain is also a causal determinant of other substance use. Although some experimental studies have been conducted with regards to tobacco smoking to support a causal relation (Ditre & Brandon, 2008; Parkerson & Asmundson, 2016) , the effects of experimental pain on other substance (e.g., opioids, marijuana) have not been tested in human research participants. For example, observational studies and animal research suggest that pain may motivate opioid use (Griffin et al., 2016; Hipólito et al., 2015) . In addition, recent increases in rates of opioid use and related problems suggest that this is a public health concern and a particularly important area for future study (Rudd, Aleshire, Zibbell, & Gladden, 2016; .
Lastly, there is evidence that different pain modalities can produce effects that mimic aspects of different pain conditions (Rainville et al., 1992; Staahl, Olesen, Andresen, Arendt-Nielsen, & Drewes, 2009) . Research that replicates the current findings with other experimental pain induction modalities (e.g., cold pressor, ischemic muscle pain) may be helpful to determine the qualities of pain that relate to alcohol outcomes. Similar results using other modalities would also strengthen evidence from the present study that physical pain is a determinant of alcohol use.
Conclusions
This study provides the first experimental evidence that acute pain can be a potent antecedent of the urge to drink and intention to consume alcohol. Further, the significant mediation effect of negative affect corroborates previous research that stresses the importance of pain and pain-related negative affective states in alcohol consumption (e.g., . The finding that moderate to heavy drinkers experienced increased urge and intention to use alcohol in response to acute pain suggests that pain may influence alcohol consumption.
Granting that the present study by itself is limited in its ability to generate clinical implications because of the acute nature of the pain model, current and previous research findings suggest painrelated negative affect is driving the pain-alcohol relation. Together, these results may have implications for individuals with co-occurring pain and AUD. Specifically, these results raise the possibility that individuals with co-occurring pain may consume alcohol to alleviate pain-related negative affect. Therefore, in the treatment of alcohol use among individuals with pain conditions, tailored intervention that addresses negative affect and improves pain-coping skills may be indicated. Such a tailored approach may enhance pain-management abilities, subsequently preventing or reducing coping-motivated alcohol consumption.
